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3.6 The Course Team 


Introduction 


Welcome to ‘Discovering Physics’. 


In writing this Course, we have had several sets of partially contradictory aims. We 
wanted to cover a wide span, to write an introductory survey of both contemporary 
and classical physics, but we also wanted to avoid superficiality. At the same time as 
presenting a clear account of the physics, we wanted you to be involved in the process 
of discovery. We wanted the Course to be accessible to as wide a spectrum of students 
as possible, yet we could not overlook the need for mathematical analysis. The result 
of these conflicts is S271. It is a Course that is full of new ideas and new concepts, and 
we hope it will convey to you the excitement and interest we find in the wide-ranging 
subject of physics. 


This booklet has two purposes: it provides you with the information you need to 
start the Course, and it is a source of information to which you can refer during your 
study. 


Section 2 contains information you need before starting S271. Please read it all 
now. 
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2.1 


All you need to start the Course 


What you should already know 


If you have taken S101 or $102 and had no major difficulties with the physics Units, 
then you are in an ideal situation to start this Course. 


If you have not taken S101 or S102 and have not studied any non-Open University 
physics courses, then read through Table 1. It lists a few of the terms that you should 
have met before; some are more important than others. They will be retaught in $271, 
and, therefore, you are not expected to have a full textbook grasp of them. For 
example, if you think of a force as a sort of push or pull that changes the way something 
moves, then that is a good enough basis for studying forces in more depth in Unit 3 of 
$271. 


There is a certain amount of mathematics in S271. The Course Team has assumed that 
you can follow arithmetic. For example: 


1.9 x 1078 
T= = — 44x 10-8, 


(2.7 x 108)? 
| ee 
(3.0 x 108)? 


Needless to say, an electronic calculator is very useful for this sort of calculation. 
A ‘scientific’ calculator with sin, cos, tan, ex and log functions is an essential 
accessory for this and many other Open University courses. If you don’t already 
have such a calculator, we recommend very strongly that you get one as soon as 
possible and that you make full use of it throughout the Course. You will be able 
to take your calculator with you to the examination, but please refer to Stop 
Press 1 for the current University regulations regarding calculators. 


to two significant figures. 


The authors have also assumed that you can do simple algebraic manipulation. For 
example: 


nt 8n7*mE 
ne 
D h? 


You should also be able to interpret simple graphs and recognize trigonometric 
relationships like those in Figure 1. Other mathematics needed in the Course will be 
taught when it first occurs. 


h?n? 


8mD? 


then E= 


sin 0 = o/h 
cos 0 =ajh 
tan 0 = o/a 


a 


Figure 1 


The Mathematics in S271 booklet explains some basic mathematics. It also draws 
together a summary of all the mathematics in the Course, for easy reference. If you 
think you may have difficulties, have a look through the booklet to see what lies in 
store. If that reinforces your doubts, we urge you strongly to practise your maths skills. 
A simple way of doing this is by working through the $102 MAFS booklets. 


If you want to do some preparatory reading before the official start of S271, then here 
are Our suggestions. 


(i) Start studying the S271 Units you have received so far, trying the SAQs and ITQs 
as you go. If you find that you are struggling, then try suggestions (ii) or (iii). 


(ii) Look at the $102 MAFS booklets and the $102 physics Units, notably Units 2, 3, 
9, 10, 11-12, 30 and 31. Your study centre should contain copies of these Units. 


(iii) Look at one of the physics books we recommend in Section 3.4. 


2.2 The components of S271 


With the exception of Unit 5, each of the sixteen Units of $271 includes components 
(a), (b) and (c). 


Table 1 Partial list of scientific terms 
and concepts assumed for $271. 


Units of $102 
in which term or 


Term or concept 


concept appears 


atom 

axis of rotation 
chemical element 
electron 

force 

friction 

gravity 

heat 

hydrogen 

light 

neutron 

nucleus 

orbital motion 
proton 
stroboscopic photograph 


11-12, 


1 
11-12 
11-12 


31 


2.3 


(a) The Main Text, incorporating notes for any home experiments. At the beginning 
of each main text is a Study Guide. Read it carefully together with the dates in the 
Broadcast and Assignment Calendar when planning your fortnight’s work, which 
should take about ten hours plus one or two hours for assignments. The Study Guide 
will include suggestions on what to do if you are falling behind. Table A is ‘a list 
of scientific terms, concepts and principles used in Unit X’, and it serves as an 
index to the Unit. Throughout the text are ITQs (in text questions) which form an 
essential part of the development of the argument. If you skip ITQs, the text will not 
make sense. SAQs, on the other hand, test your understanding of the text and con- 
tain no essential new ideas. At the end of each main text, the objectives of that Unit 
are listed. Objectives provide guidance on what you are expected to understand, to 
remember and to be capable of doing when you have finished the Unit. They let you 
know what topics may be assessed in the assignments and examination. 


(b) The television programme (times listed in the Broadcast and Assignment Calendar). 
The TV programmes serve a variety of roles in the Course : some reinforce and expand 
on material in the main texts; others introduce completely new but related concepts 
and applications. Details of the content of the programmes are given in the Television 
Notes. Any TV material may be the subject of an assignment or exam question. To 
give you the opportunity of seeing any programme you have missed, recordings 
will be available at Summer School. 


(c) Assignments. S271 has been written to help you discover about physics. The 
assignments are intended to be part of the teaching process; do not let worrying 
about them get in the way of your learning. There are four tutor-marked 
assignments (TMAs) and five computer-marked assignments (CMAs). Most of 
the questions on the CMAs are formative (i.e. they do not count towards your 
final score for the course), but each contains a few summative questions which will 
count. However, we do urge you to attempt all the questions. The cut-off dates are 
listed in the Broadcast and Assignment Calendar. Remember that assignments 
will not be marked if you submit them after their cut-off dates; in the case of 
CMAs there is no appeal. You will be sent CMA answers in the mailing following 
each cut-off date. Section 3.1, below, explains how your grade for the Course is 
calculated, and lists which Units each assignment assesses. 


(d) Some Units also include an audiocassette tape, and so you will need a cassette 
player. Notes and diagrams accompanying the tapes are included in the main texts. 


S271 also includes the following components. 


(e) A Home Experiment Kit. Use of the kit is restricted to Units 3, 6, 7, 9 and 10. 
Instructions are embedded in the main texts. Before attempting any experiments 
please read the Home Experiment Kit Handbook, which is packed with the kit. 


(£) A one week Summer School at Durham University, with opportunity for labor- 
atory work, tutorials, problem sessions and computing. The Summer School has a 
crucial role in S271. During the week, you will see many of the ideas you have already 
met in a new experimental context, and through this exposure, clarify and consolidate 
the Course material. Unless you obtain an excusal, not attending Summer School 
means you will not be awarded credit for S271. 


(g) Tutorials. Your regional office will tell you who your tutor is. He or she will 
mark your TMAs as well as giving tutorials. 


(h) An Examination. In one of the later mailings, you will receive a Specimen 
Examination Paper to show you what to expect from the final examination. Included 
with the Specimen Examination Paper will be answers, and other material, notably a 
Revision Guide, to help your revision. 


(i) A handbook entitled Mathematics in $271. Apart from the basic mathematics 
described in Section 2.1, all other techniques are explained when they are first met in 
$271. This handbook provides a summary of all the mathematics in $271. 


$271: What is it about? 


Some words in this Section may be unfamiliar to you now, but by the time you close 
the text of Unit 16, you will be using them confidently in conversation! 


Unit 1: Surveying the Universe: an example of physical enquiry. You discover the 
challenges faced by physicists in deciding just how far away are the planets, stars and 
galaxies. Unit 1 goes. beyond cataloguing where things are in the Universe. It 
introduces the ways of thinking and the careful observational techniques that are the 
basis of physics today. 
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Unit 2: Describing motion. To explain how things move and to predict how their 
motion will change requires a simple but exact way of describing motion. Unit 2 sets 
out the language of mechanics, including the crucial mathematical techniques of 
vectors and differentials. 


Unit 3: Dynamics—forces, energy and motion. Newton’s three laws of motion provide 
a consistent explanation of how and why objects move. These laws are introduced in 
this Unit, using the language developed in Unit 2. The important concepts of 
energy and momentum, and their conservation laws, are also introduced. 


Unit 4: Equilibrium, stability and gravitation. Through an understanding of the 
interplay and balance of forces, you will gain an understanding of why man-made 
structures take the forms they do and how machines and mechanisms can improve 
on human strength and dexterity. The Unit ends by describing a force acting on us all 
the time—gravity. 

Unit 5: Mechanics revision. There is no new teaching material associated with this 
Unit. The three preceding Units are longer than usual, and it is intended that during 
the study fortnight of Unit 5, you should revise and consolidate the material in those 
three Units. Unit 5 includes an audiovision sequence, a TV programme and ad- 
ditional SAQs, all of which are designed to help you with this revision. 


Unit 6: Electrostatics. The structures of atoms and solids arise from the electrostatic 
force. In Unit 6, you will discover the properties of this often hidden force. Also 
contained in this Unit is your introduction to perhaps the most ‘abstract’ idea in 
S271, the electromagnetic field. This concept is central to contemporary physics. 


Unit 7: Currents and circuits. Unit 7 is short; it takes the first step into the physics of 
flowing charges by examining the behaviour of simple electrical circuits. 


Unit 8: Electrodynamics. Flowing charges, currents, give rise to a new field, the 
magnetic field. In Unit 8, you will learn about the forces experienced by charged 
particles moving in electric and magnetic fields, and relate this to the motion of 
particles in the Earth’s ionosphere. A discussion of the currents induced by changing 
fields culminates in a great theoretical achievement of classical physics, Maxwell’s 
equations, and their prediction of electromagnetic radiation. 


Units 9 & 10: Vibrations and waves. In these Units, you will use Home Experiments to 
discover the important principles common to all vibrating systems—common to 
systems as diverse as atoms, tuning forks and bridges. The energy associated with 
vibrations can be transported from one place to another by waves, and two important 
examples of waves—sound and light—are discussed. 


Unit 11: Temperature and heat: towards a microscopic explanation. Temperature is a 
familiar idea, but great care is needed in its scientific use. Unit 11 shows how tempera- 
tures can be quantified and relates temperature to heat. The connection between these 
macroscopic concepts and the microscopic motion of molecules is explained. 


Unit 12: Special relativity. The velocity of a light wave is independent of the velocity of 
the observer. This apparently simple assumption together with a belief in the 
universality of physical laws, led Einstein to his special theory of relativity, with all its 
counter-intuitive but correct predictions. 


Unit 13: The beginnings of modern atomic physics. Unit 12 exposed the deficiencies of 
classical mechanics at high velocities. Classical mechanics is equally at a loss to 
account for the emission of electrons from metals or for the behaviour of individual 
atoms. Considerations such as these lead to the realization that light can behave as 
particles (photons) and to Bohr’s quantum model of the atom. 


Unit 14: Quantum mechanics: theory, and Unit 15: Quantum mechanics: applica- 
tions. As with classical mechanics, quantum ideas of the atom did not achieve 
complete success until they could be supported by a mathematical framework. The 
new theory showed remarkable accuracy in describing atoms and the light they emit 
(eventually leading to the development of the laser). It also led to some completely 
unexpected conclusions such as the intrinsic uncertainty in certain measurements, the 
spin of an electron, the possibility of particles escaping through apparently insur- 
mountable barriers, and the existence of anti-particles. 


Unit 16: Modern physics in dying stars. Your journey of discovery ends in territory 
still largely unexplored. The Universe was mapped in Unit 1; Unit 16 discusses what 
kinds of objects the features on that map actually are. Some are stars like our Sun, 
some are smaller, hotter stars, called white dwarfs. Others, more exotic, are neutron 
stars and black holes. Using the physics in S271, the main features of these strange 
objects can be explained. 
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Reference section 


This Section contains information you may need during the Course and when 
revising. There is no need to read it now; just refer to it when necessary. 


Assessment 


How the assessment adds up 


Most of the Units include one hour of TMA questions and half an hour of CMA 
questions, although allocations may vary slightly from this. The main exceptions are: 
Unit 5 which has no TMA questions, Units 9 and 10 which share 14 hours of TMA 
questions and half an hour of CMA questions, and Unit 16 which has one hour of 
CMA and no TMA questions. 


The substitution rule 


Only one TMA is substitutable. The Summer School grade is included as TMA05 
for the purposes of the substitution rule, although the assessment is based on your 
laboratory work and not on any later written work. The working of the 
substitution rule is described in the assessment section of the current Students’ 
Handbook. Remember that submitting all your assignments will give you a better 
overall mark than submitting all but one, even if you get a very low grade on the 
one you are tempted to omit. 


Table 2 Weighting of assessment 


Assignment Units assessed Time allocation/hours Percentage 
TMA 01 1-4 4 
TMA 02 6-8 3 TMAs 
TMA 03 9-12 34 35% 
TMA 04 13-15 3 
Summer School — = 5 
(TMA05) 
CMA 41 1-2 1 
CMA 42 3-5 13 CMAs 
CMA 43 6-10 2 10% 
CMA 44 11-13 14 (equally 
CMA 45 14-16 2 weighted) 
Examinatien Whole Course 3 50% 


total 100% 


The format of the examination 


The S271 examination takes three hours, and you will be attempting the questions 
without the aid of any notes or printed material relating to the Course. A simple 
scientific calculator, slide-rule or set of log tables is allowed. Part A, worth 
approximately 50% of the marks, is devoted to straightforward questions with 
fairly short answers expected, between them covering the entire Course. Parts B, C 
and D concentrate on different parts of the Course; in each, you are asked to answer 
one out of two longer questions. There is no computer-marked section. A Specimen 
Examination Paper, with answers, will be included in a later mailing so that you can 
get some idea of what to expect. 


The new University Scale 


Performance on all Open University assignments (CMAs as well as TMAs) and 
examinations is recorded and reported back to students using a numerical scale (the 
University Scale) with the following interpretation: 
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Band University Scale score Performance standard 


A 85-100 Pass | 
B 70-84 Pass 2 
Cc 55-69 Pass 3 
D 40-54 Pass 4 
E 30-39 Bare fail 
F 15-29 Fail 

G 0-14 Bad fail 


In interpreting scores on individual assignments, it should be noted that the final 
result status awarded for a course depends on the student’s performance on both 
continuous assessment and the examination. 


A student who achieves a Pass 4 standard both on overall continuous assessment 
and on the examination will automatically qualify for a result status of Pass 4 and 
similarly for the other result statuses. Students who achieve a score near the top of a 
band in both may be awarded a grade higher at the discretion of the examiners. 


For this course, the distribution of scores may well vary between the components of 
the assessment. For example, we would expect students to achieve higher scores in 
CMAs than in TMAs. Indeed, TMAs may be a better reflection of performance 
standard. 


Most students will achieve different performance standards on continuous 
assessment and the examination: the result status awarded will then depend on how 
well the student performed on each as illustrated in the matrix given in the 
Examinations and Assignments section of the Supplement to the Student 
Handbook. 


Help with difficulties 


For academic problems, relating to your understanding of aspects of $271, contact 


your Course Tutor: The S271 Course Manager, 


If you find any errors in the Course material or have any suggestions for improvements, Department of Physics, 
please write to the Course Team (address in margin). Faculty of Science, 

For general advice on how to cope with the Open University system, contact your The Open University, 
tutor-counsellor. But first check the ‘Whom to contact’ page in your Students’ Walton Hall, 

Handbook. Milton Keynes MK7 6AA. 


Related Open University courses 


S271 has a broad scope, and many of its topics are treated in other Open University 
courses. Table 3 contains a list of related courses and may help you to plan your OU 
course profile. 


If you are planning to follow physics courses in the future, it is essential that at the 
appropriate time, you take the following mathematics courses: M101 Math- 
ematics foundation course or MS284 An introduction to calculus or TM282 
Modelling with mathematics: an introduction; followed by: MST204 Mathemat- 
ical models and methods. 


3.4 


Table 3 


Related Courses S271 Topic 


MST204 Mathematical models and Classical mechanics (Units 2-5) 
methods 


T235 Engineering mechanics: solids Classical mechanics (Units 2-5) 


SMT356 Electromagnetism Electromagnetism (Units 6-8) 
T281 Basic Physical Science for Classical Physics (Units 1-11) 
Technology 


T202 Analogue and Digital electronics Electromagnetism 
ST291 Images and information Vibrations and waves (Units 9 & 10) 
S272 Physics of Matter Quantum mechanics (Units 13-15) 


$354 Understanding space and time Relativity (Unit 12) and 
Astrophysics (Unit 16) 


SM355 Quantum theory and atomic Quantum mechanics (Units 13-15) 
structure 


S256 Matter in the Universe Astrophysics (Units 1 and 16) 


Books you might find helpful 


There is no set book for $271, but you may find it useful to refer occasionally to an 
alternative treatment of a topic in S271. The following books are ones we have read 
and enjoyed. 


Ohanian, H. C. (1985) Physics, W. W. Norton and Co. A well illustrated 
introductory text with many interesting examples. Coverage is mainly of classical 
physics. 


Swartz, C. E. (1981) Phenomenal physics, John Wiley. A book written in a similar 
style to $271 and containing a great number of stimulating examples based on 
physical phenomena. 


Marion, J. B. (1981) Physics and the physical universe, (student edition), John 
Wiley. A very readable text covering the same areas as S271. A good buy as paper- 
back. 


Fuller, H. Q., Fuller, R. M., and Fuller, R. G. (1978) Physics—including human 
applications, Harper and Row. An introductory text at $271 level containing a great 
number of stimulating illustrations and examples. 


The Pan Dictionary of Physical Sciences, or The Penguin Dictionary of Physics. Either 
of these is a useful reference book to have available on the occasions when you can’t 
recall the meaning of a scientific term. 


3.5 Membership of the Institute of Physics 


An Open University degree with credits in appropriate physics courses provides the 
necessary academic qualification for membership of the Institute of Physics (IoP). The 
course profiles deemed to be appropriate are difficult to summarize adequately; full 
details will be sent separately. However, S271 is one of the core courses in such 
profiles. 


3.6 


If you are interested in obtaining IoP membership, which is the recognized 
professional qualification for physicists, you should take careful note of the IoP’s 
requirements in choosing future courses. 


The Course Team 


S271 was produced collectively by a Course Team, which is listed in each Main Text. 
The whole team accepts responsibility for the Course and its components. The 
individual author or authors of each Unit is given at the beginning of the correspond- 
ing Main Text. 
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